should have to choose one blood gas measurement more informative than any other in the critically ill patient it would be the venous and not the arterial oxygen: arterial oxygen estimates are an index of respiratory function but it is the venous saturation that indicates the cardiac output and tissue peifusion. I hope I have not created the impression that complex electronic measuring apparatus has nothing to offer us. I would stress again that this is the pattern which has emerged for us in the privileged environment in which we work, both at the National Heart Hospital and at Guy's Hospital. I feel quite sure that as the nursing shortage becomes more acute there will be an increasing need for automated multichannel monitoring, particularly in intensive care units.
Dr A J H Hewer (Department ofClinical Measurement, Middlesex Hospital, London) The Practical Use of Monitoring in Neuro-anifsthesia A watchmaker asked to clean the movement of a clock or watch without stopping it could be forgiven for considering this a most unreasonable request. Yet the task demanded of the neurosurgeon is very similar. He is expected to manipulate the most important organ in the body concerned with the regulation of vital functions without causing serious interference to its normal operation for more than a few seconds at a time, unless the patient is protected by hypothermia. Not every part of the brain is concerned with homeostasis, but even in procedures where the cortex alone is involved, by virtue of its vascular and neuronal connexions with the brain stem, interference with higher centres can have serious repercussions at lower levels.
Access is the neurosurgeon's chief problem, which is frequently made more difficult by the presence of a raised intracranial tension. To obtain access, particularly to deeper structures, a certain amount of retraction of the surrounding tissues is inevitable; it is this retraction which sometimes causes temporary or permanent damage either to the brain substance itself or to its blood supply. This may not become evident for several hours post-operatively unless sensitive monitoring apparatus is used to detect it at the time when it occurs. Obviously, avoidance of this da-nger is one of the many skills of the neurosurgeon but, if in every difficult case he has to leave a wide margin of safety, it makes many of his tasks impossible: to reduce the number of cases which have to be classified as inoperable he must be able to exploit every means of access that he can without damage to the patient.
To the naked eye, vital centres are indistinguishable from the surrounding tissue and in any case they may be displaced from their normal position by the lesion for which the patient is receiving surgery. Any direct pressure on these centres always causes some disorganization because to produce ischoemia it is necessary only to overcome the capillary pressure. Obviously, therefore, one of our prime requirements is some system which gives warning when any of these centres is injeopardy.
A less obvious but frequent hazard is presented by a meningioma or similar vascular tumour which may be quite near to the surface of the cortex but which may also have deep vascular connexions or prolongations of its capsule. In the course of dissecting out such a tumour, traction on the capsule is usually a safe and necessary procedure to separate it from the surrounding normal brain tissue. If, however, the capsule is fibrous and thus fairly rigid, this traction may be transmitted to any deep vascular or fibrous tissue connexions which may unexpectedly exist. If these deep connexions happen to envelope structures like the middle cerebral artery or the posterior inferior cerebellar artery, serious damage may result and may be permanent if it is not detected at a very early stage. This is another situation which must be recognizable on our monitoring system.
Despite the stability of the intracranial hydrodynamic equilibrium, there is a high rate of blood flow (approximately 800 ml per minute in the full-grown adult) into and out of the skull. A high percentage of this flow takes part in the rapid interchange of fluid between the capillaries and the intracellular space of the cortex. This means that, if any obstruction or impediment occurs in the free transference of fluid between one compartment of the brain and another, there is danger of a rapid build up of a pressure differential betweeir tbhse .compartments. The semi-rigid barriers which normally support the brain thus become a source of danger, as the cortex may be strangulated or compressed wherever there is a hiatus or sharp edge which is unyielding. Now that methods are becoming available for the direct measurement of intracranial tension, these should prove of great value in the early detection of these disasters, particularly in the post-operative phase and in the treatment of head injuries with brain contusion.
We now have access to more advanced recording equipment but until recently we have had to be content with a mechanical respiratory Section ofMeasurement in Medicine with Section ofAnasthetics 363 recorder and a special type of pulse meter to assist in patient observation. Over the years it has been found that the information derived from these two pieces of equipment is valuable both to the surgeon and to the anesthetist. Since they are so simple to use, both have become a routine part of the anaesthetic equipment for a craniotomy and no special effort is required in order to set them up or to maintain them. The pulse meter, when used in conjunction with a blood pressure cuff, has considerably increased the accuracy of blood pressure measurements.
In spite of the fact that it is an indirect type of monitoring, the respiratory pattern has proved to be the most useful in the early detection of regional ischaemia and all the other harmful results of brain retraction. When the bone flap is raised, the sudden decompression may lead to a slight shift in the brain and this also is clearly shown if it interferes with cerebral circulation. By using a kind of integrating circuit it is possible to depict tidal air and minute volume on the same trace (Fig 1) .
With the arrangement of valves as illustrated, the circuit is in effect a mechanical integrator as no rebreathing occurs into the spirometer bag. The down-stroke of the pen results from the volume inspired by the patient whereas the upstroke is caused by the refilling of the bag from the anlsthetic machine. If the total gas flow is adjusted so that the mean level of the respiratory record on the paper remains horizontal, it then follows that the volume breathed by the patient in one minute is numerically equal to the sum of the gas flows as indicated on the flowmeters. Since the inflow to the spirometer is continuous, the down-stroke (inspiration) is reduced by about 10%. In practice we have found this unimportant as the shape of the trace is much more important than its amplitude. If for any reason an accurate volumetric record is required it is a simple matter to convert the system to a true closed circuit by removing the first valve in the return side of the circuit. Examples of respiratory recordings are shown in Figs 2, 3, 4 and 5. An incidental advantage of the apparatus is that when the amesthetist is single-handed it is very much easier to jot down surgical events on a moving paper which is automatically timemarked than it is to enter them on a small antsthetic chart. As the paper-speed is one inch per minute it is also possible to lay the whole record out on the floor afterwards and to obtain a bird's eye view of the entire operation. This type of record is much easier to assimilate with the naked eye than a conventional EEG record with a paper-speed that is several times faster so that the record is much too long to be viewed all at once. I am fortunate in working with neurosurgeons who are prepared to give me a running commentary on the operation so that I can jot down important surgical events in the appropriate place. This is vital when the record is examined in retrospect, making it possible to correlate the respiratory changes with the surgical events which caused them.
Respiratory patterns which are very similar in appearance may be due to a number of different causes. The significance of a pattern obviously increases considerably if it is accompanied by changes in two or three other vital functions recorded at the same time; where we have been able to record blood pressure, pulse rate and respiration on the same chart interpretation of changes is much more reliable. To give an example: a pattern such as that shown on the anterior inferior cerebellar artery (Fig 4) could possibly be produced by a painful stimulus though this would not be accurately repeated as it is in the diagram, since painful stimuli are usually random. Where this picture is acconpanied by a bradycardia, particularly if ventri- of the type of respiratory disturbance associated with isch emia of the region of the brain stem supplied by the posterior inferior cerebellar artery cular ectopic beats are present, the cause is much more likely to be medullary ischiemia or vagal stimulation.
In the type of transducer which we have used most frequently in conjunction with the pulse monitor, the signal is d-rived from plethysmographic changes occurring in the finger. Interference with the circulation of the medulla almost invariably leads to a rapid capillary shut-down in peripheral organs which is well shown by this device. This change does not appear to be so pronounced when it is due to pain or other stimuli, which tend to give rise to an increase rather than a decrease in pulse rate. When an EEG recording is available it is helpful in maintaining a constant but very light level of anusthesia as the fast activity disappears at an early stage if anmsthesia deepens. This is most important when searching for an epileptic focus using direct electrocorticography, as it is all too easy to depress the spikes for which one is searching in the temporal lobe by a very slight increase in the depth of anesthesia. Professor Clutton-Brock's interesting paper (1961) describes the regulation of the level of anisthesia by observing the evoked response on the EEG to a flashing light placed in the patient's field of vision, which brings out the value of this type of monitoring.
The value of simple monitoring is that the results appear almost at once and can b_ interpreted by the trained observer without complicated equipment and so fed back to the surgeon in order that he can modify his technique. This does not mean that the results would not be improved by the interposition of a relatively small special-purpose computer, as this could be *||*X*|w~~~. .* ^, . . . .
Section ofMeasurement in Medicine with Section ofAnwsthetics 365 programmed to recognize these patterns and so act as an additional watch-dog for the anesthetist who, because of his other duties, cannot be constantly watching the respiratory record. What I have said so far depends on spontaneous respiration on the part of the patient and this may not always be desirable. In these circumstances the ECG is used by some workers as an early-warning device.
Although stereotactic surgery has progressed considerably during the past few years, several difficulties remain. Very accurate localization of the tip of the coagulating electrode is not possible on anatomical grounds alone because of the variation in disposition of the thalamic nuclei. Final positioning can only be achieved with the aid of complex monitoring of the electrical patterns arising from the thalamus in the immediate vicinity of the electrode and also by careful recording of the sensory or motor changes as coagulation is taking place. When this procedure is carried out under general anesthesia the depth of narcosis must be very carefully controlled to avoid disturbance of the discharge patterns from the thalamic nuclei (Vourc'h et al. 1962 ).
Since we have acquired apparatus for measuring blood gases we have been impressed by the changes which can occur in the post-operative phase after neurosurgery. It is common to find arterial Po.s of 50 mmHg or less, with a Pco2 of 70-80 mmHg. This is highly important in view of the effect of this biochemical disturbance on the intracranial tension; there is no doubt that much work needs to be done to prevent the vicious circle of cerebral damage, with increasing respiratory insufficiency, depressed bulbar reflexes and pulmonary complications, leading to further cerebral damage from hypoxia and cedema.
To sum up, we have found that the simple type of monitoring which I have outlined, though limited in the information it provides, has been of considerable value both in the control of surgical and anesthetic techniques and in helping us to plan more comprehensive monitoring systems for the future. The return from this could be high in terms of decreased mortality and morbidity.
Dr S A Feldman (Department ofAnasthetics, Westminster Hospital, London)
Monitoring in Anesthesia
Anwsthetists must interest themselves in measuring the quantity of the anesthetic they administer to patients and also the response of the patient to that ansesthetic and to surgery.
Considerable progress has been made towards a quantitative approach to the administration of drugs and fluids; what is lacking is a similar approach to measuring the effects of anesthesia and surgery upon the patient. In the next ten years much time and money will be spent on monitoring apparatus and it is imperative that we decide what information we want from this equipment and how best to obtain it. There is a danger that we may become servants of our monitors. It is now realized that, because it was so easy to measure, we became obsessed by the necessity of maintaining the stability of the blood pressure at the expense of the general management of the patient. The same is becoming true of the pH measurement: these measurements are surrounded by a mystic aura and in this environment it is only too easy to lose sight of the fact that they merely represent the H ion concentration of that part of the circulation at the moment the sample was withdrawn. In many instances unstable gradients of considerable magnitude exist between the H ion concentration of the 2-2 litres of the circulating fluid and the 45 or so litres of the rest of the body fluid. Unless equilibrium has been established, these measurements have no absolute value. This is well demonstrated after a cardiac arrest when repeated sampling of the blood reveals rapid and gross changes in pH. In such circumstances formula suggesting an absolute amount of base that would be required to correct any metabolic acidosis endow these measurements with a significance they do not deserve. Similarly we have become 'ECG watchers'. To try to assess cardiac function from the ECG is like trying to measure respiratory function by monitoring the neural discharge from the respiratory centre.
It is time to start thinking about monitoring from a physiological viewpoint and to decide which measurements are necessary to provide all the information we need. It is my contention that we should monitor those bodily processes that maintain life and the anmsthetic state and can be influenced by anaesthesia and surgery.
In a simple monitoring system the physiological process is measured and the information produces an action by the doctor wkich in its turn influences the physiological process. Unfortunately,
